Summary. At peak laying periods the ovary of the domestic hen contained 30\p=n-\100small yolky follicles with diameters varying between 1 and 8 mm. In general, the number of these healthy follicles decreased with increasing size in that there were about 20 follicles with a diameter of 1\p=n-\2mm and 1 follicle (mean < 1) with a diameter of 7\p=n-\8 mm. The number of follicles with diameters > 8 mm (the hierarchy of large, yolky follicles) varied between 4 and 7. By using a dye-marker, growth from 3 to 5 mm was estimated to take 3 days, from 5 to 8 mm, 2 days and from 8 mm to ovulation, 6 days. No information was obtained for growth between 1 and 3 mm because the dye did not enter these smaller follicles. Between 5 and 25 small yolky follicles were atretic. The reduction in the number of follicles with time and the high incidence of atresia suggests that this is a normal fate of small yolky follicles in birds with a high rate of lay. In marked contrast, only one large yolky follicle was observed to be atretic throughout the whole experiment. These two very different levels of atresia serve to define two distinct groups of follicles in the size range studied. Ovulation rate appears to be the product of two complementary mechanisms, one for the initiation of growth and the other controlling the rate at which the small yolky follicles are lost through atresia.
Introduction
The ovary of the laying hen contains several million follicles (for review see Hutt, 1949) of which several thousand are macroscopically visible (Pearl & Schoppe, 1921) . The present study is concerned with follicles that are > 1 mm in diameter and are therefore in the vitellogenic phase of development (Marza & Marza, 1935) . Whilst follicles up to 6 mm or so (small yolky follicles) are susceptible to atresia (Fell, 1923) , follicles larger than about 8 mm (large yolky follicles) normally grow to about 40 mm and ovulate. Atresia in the latter group is rare for birds at peak reproductive performance, unless some adverse stimulus causes cessation of egg laying. The incidence of atresia in the small yolky follicles is not known for the domestic fowl, but it has been recorded for some seasonally breeding birds (Erpino, 1969 (Erpino, , 1973  Kern, 1972) . Atresia commonly occurs at the time of breeding in these birds, increasing during the advance of the breeding season to reach a peak at the time of nesting.
However, the significance of atresia in the functioning of the fully active ovary of the fowl can be assessed only within the context of follicular growth patterns. Growth of the large yolky follicles has been extensively studied in the domestic fowl. They are regarded as being in the 'rapid-growth phase' and as forming the hierarchy, a succession of several follicles of increasing size (Marza & Marza, 1935; Warren & Conrad, 1939; Lacassagne, 1957 Lacassagne, ,1960 Smith, 1959; Bacon & Skala, 1968; Gilbert & Wood-Gush, 1971; Gilbert, 1972; Oribe, 1973) . In contrast, the 100 or so small yolky follicles (Romanoff & Romanoff, 1949; Griffin, Perry & Gilbert, 1983) have received little attention and estimates of their growth rates vary enormously. Marza & Marza (1935) considered that growth from 3 to 6 mm took about 60 days, but other studies (Warren & Conrad, 1939; Oribe, 1973) have indicated that growth from 4 to 7 mm may take as little as 24 h to complete. The observations of Opel & Nalbandov (1958) and of Nalbandov (1959, 1961) (Griffin et al., 1983) .
A study of the characteristics of the population of small yolky follicles is crucial to an understanding of the formation of the hierarchy of large yolky follicles and, in turn, of egg production in the fowl. We have therefore examined during the peak period of lay a modern laying strain of hen with a high egg yield. The technique of marking follicles with the lipid-soluble dye, Sudan Black B, was employed in the current work, following the method used in earlier studies on growth rates (Warren & Conrad, 1939; Bacon & Cherms, 1967 Bacon & Skala, 1968; Gilbert, 1972; Oribe, 1973 Follicles > 8 mm in diameter were removed from the ovary and counted. The remainder of the ovary was briefly rinsed in saline (9 g NaCl/1) and all follicles > 1 mm, including any that were atretic, were removed and placed in 10% buffered formalin. Fixation is convenient and does not markedly affect the size of the follicle (Gilbert, Hardie & Perry, 1982) . After the yolk had hardened (2-3 days fixation), the healthy follicles were sized, cut open and scored for the presence or absence of dye. Atretic follicles were not measured because it was impossible to determine the extent of shrinkage of the follicle. The eggs produced by the treated birds were also examined for the presence of dye.
Experiment 2. Twenty-four birds were given a gelatin capsule containing 100 mg Sudan Black and returned to their cages. All eggs laid for a period of 30 days thereafter were boiled, the yolks bisected and the presence or absence of dye was recorded. Since some birds failed to ingest the dye, there is a discrepancy between the numbers treated and the data in the tables.
Results

Follicle number
The ovarian follicles examined in Exp. 1 were divided into 3 categories: follicles 1-8 mm in diameter, follicles >8 mm and atretic follicles. Atretic follicles were distinguished by the occurrence of small haemorrhages on their surface and, in the more advanced stages, by their deformed and/or shrunken appearance. The smallest detectable atretic follicle was 1 mm and the largest was 8 mm. With one exception, all follicles >8 mm, i.e. the generally accepted hierarchy, were viable.
Of the 35 birds with viable follicles (1-8 mm), 7 had 30-40 follicles/ovary, 6 had 41-50, 8 had 51-60, 8 had 61-70, 2 had 71-80, 2 had 81-90 and 2 had 91-100; the mean was 56/ovary. The number of atretic follicles ranged from 3 to 26 between birds (1 with 3, 8 with 6-10,12 with 11-15, 7 with 16-20, 5 with 21-25 and 2 with 26) and amounted to about 27% of the number of viable follicles. Despite the considerable variation between birds in the population of viable follicles (1-8 mm), the number in the hierarchy was relatively constant, at 5 or 6 per bird or, rarely, 4 or 7 per bird. Similarly there appeared to be no correlation between the number of atretic follicles and the number in the other categories.
When the viable follicles (1-8 mm) were subdivided into smaller size classes (Table 1) , there was a steady decline in the mean number of follicles with increase in size. However, when examined on a per bird basis, this decline was less regular within individuals, although the tendency for there to be fewer follicles of larger size was still apparent. More than half the birds had no follicle in the largest size class, but several birds had 2 follicles, and in one instance 4 follicles, in this size class. (Marza & Marza, 1935) resulting in a stable conformation of the yolk layers deposited subsequently (Warren & Conrad, 1939) .
The proportion of labelled follicles in the ovary decreased with time ; on Day 6 none were present in the 3-8 mm classes and on Day 10 few remained in the 8-40 mm class. The data from Exp. 1 (Tables 2 & 3) (Table 4a ). They showed progressive changes in the dye pattern, as described by Oribe, Kameyama & Kayano (1975) previous estimates for the period of production of eggs with dye rings that were used to determine the length of the rapid growth phase (Warren & Conrad, 1939; Lacassagne, 1960; Bacon & Skala, 1968; Gilbert, 1972; Oribe, 1973) . The inner diameter of the smallest regular dye ring was about 5 mm. In eggs laid on the following 3 days (Table 4c ), a central core of yolk, measuring 4-5 mm in diameter in the least distorted specimens, was diffusely stained. This value of 3 days broadly corresponded with the time determined for growth of the ovarian follicles from 3 to 5 mm (Tables 2  & 3) , the phase when follicular yolk exhibited diffuse staining. The ordered sequence of production of dyed eggs was a notable feature of this experiment and indicated an ordered growth from a follicle diameter of 3 mm upwards. Thus, no undyed eggs were produced in the middle of a sequence of dyed eggs, or vice versa. Similarly, there was no interruption in the progressive change of dye patterns in the yolk. For instance, no egg was obtained with a larger ring than that laid previously, nor were eggs with yolk rings produced in the middle of a sequence with dyed yolk cores.
Discussion
The present work has provided information regarding several aspects of ovarian function in the domestic hen which hitherto have received little attention. Although birds from only one laying strain were used, the work does provide a basis for comparisons to be made with other types. For example, a similar study on broiler chickens or turkeys may provide an explanation for the relatively poor egg production of these and it would be possible to determine whether the decline in egg production with age in laying strains is brought about by changes in one or other of the operative mechanisms present (e.g. rate of atresia).
At peak production the hen's ovary contains about 60 follicles between 1 and 8 mm (small yolky follicles). However, it was observed that there was a tendency for the number of follicles in each size class to decrease with increasing size of the follicle. Follicular growth appears to be continuous from the stage of 3 mm to ovulation and, despite variation between birds, the following approximations obtained from the data serve as a general guide to the length of the growth phases : from 3 to 5 mm, 3 days (Table 4c) ; from 5 to 8 mm, 2 days (Tables 3 & 4c) ; from 8 mm to ovulation, 6 days (Tables 3 &  4a ). Since follicles < 3 mm failed to take up the Sudan dye, it was not possible to obtain estimates of the growth rate of follicles between 1 and 3 mm.
As suggested previously (Gilbert, 1971) , the small yolky follicles do not constitute a conventional 'pool' nor are they in a 'resting' state. If a true resting state does exist, it must occur in follicles of diameters less than 1 mm. Follicles > 3 mm diameter, and probably also those > 1 mm, grow such that all the follicles of a size group develop together and in a consistent way in relation to those in other size groups. Moreover, our estimate of about 5 days for the time course for growth from 3 to 8 mm, obtained more directly than previously, is appreciably shorter than that suggested by Marza & Marza (1935) but longer than the 24 h suggested from consideration of dye-rings (Warren & Conrad, 1939; Oribe, 1973) .
There is a general decrease in the number of follicles present in the ovary as the follicles increase in size and about 50% of the hens had no follicles in the 7-8-mm size range. This may account for the gaps which are a common feature in the sequence of the larger follicles in the hen and which appear to regulate the rate of lay (Warren & Conrad, 1939; Lacassagne, 1960; Gilbert & WoodGush, 1971 ; Gilbert, 1972) . However, the number of such birds is too high for laying rates of 80% or more, and, therefore it is possible that the 7-8 mm class corresponds to less than 1 day's growth.
Of considerable importance to an understanding of ovarian function generally was the quantification of atresia in the small yolky follicles; most previous reports, although recognizing that atresia was a common feature of avian ovaries, failed to give this information (Dubuisson, 1906; Fell, 1925; Davis, 1942; Moreau, Wilk & Rowan, 1947; Romanoff & Romanoff, 1949; Marshall, 1957; Lofts & Murtón, 1973; Gilbert, 1979) . Usually about 10-15 atretic follicles were visible with a maximum of about 30. This figure almost certainly excludes follicles which were in the initial or terminal stages of atresia and which could not be identified by visual examination. The major incidence of atresia in seasonally breeding birds occurs during nesting when the ovary is regressing (Erpino, 1969 (Erpino, , 1973 Kern, 1972) . The hens in the present study were at the peak of their laying yet still showed a high incidence of atresia.
The follicle which ovulâtes each day is the survivor of the initial number starting their growth (Romanoff & Romanoff, 1949) . If 20 follicles are produced for each one that ovulâtes, then something of the order of 30 000 follicles will be required. Yet this represents only about 2% of the total number of follicles contained within the ovary (Hutt, 1949) . In common with other vertebrates, therefore, the hen produces more oocytes than are required and eliminates the excess through atresia (Greenwald, 1978; Jones, 1978) . Atresia usually occurs only in the smaller follicles long before they reach ovulable size. Consequently, the hierarchy, which determines the number of follicles which can be ovulated in any period, is the product of the number of follicles produced for growth (those about 1 mm) and the rate of atresia during the increase in size up to about 8 mm. Hence two complementary mechanisms are present, each of which plays an important part in regulating the capacity ofthe ovary to produce follicles which are destined to ovulate. There is little information about the factors that control either the initial number of follicles entering the growth phase or the rate of atresia thereafter. Although FSH is almost certainly involved in follicular growth (for discussion see Gilbert, 1971 ;  stop producing the transosomes, the specialized bodies that are transferred to yolk-forming oocytes (Grifffn et al., 1983) , and the first indications of steroid dehydrogenases are seen (Davidson, Gilbert & Wells, 1979) . Whether these observations are directly related to the ability of a follicle to resist atresia or are merely indicative of a change in state must await further investigation.
